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(54) MOS type semiconductor device 

(57) A MOS type semiconductor device, such as a 
MOSFET, has a plurality of quadrangular cells each 
comprised of a quadrangular channel region (3) of the 
second conductivity type (p) formed in a surface layer of 
a semiconductor substrate (1) of the first conductivity 
type (n), an well region (2) of high impurity concentra- 
tion formed in the central portion of the channel region, 
a source region (4) of the first conductivity type (n) 
formed in a surface layer of the well region, and a MOS 
structure formed on the surface of the above described 
constituents. To improve the withstand voltage and ava- 
lanche withstand capability of such MOS type semicon- 
ductor device peripheral cells (19) which have at least a 
portion of the outermost side of their channel region in 
parallel to the side of a semiconductor chip, are formed 
on the outermost periphery, inside of which the quad- 
rangular cells are formed, of the semiconductor chip, 
and the area of a peripheral cell (19) is wider than the 
area of a quadrangular cell. 
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Description 

The present invention relates to a MOS type semi- 
conductor device such as a MOS field effect transistor 
(hereinafter referred to as MOSFET), an insulated gate 
bipolar transistor etc., which is comprised of a plurality 
of source regions, which have a gate with a metal - 
oxide film - semiconductor (MOS) structure, scattered in 
a surface layer of a semiconductor substrate. 

The MOS type semiconductor device has been 
used very often in switching circuits because of its low 
ON-resistance and fast switching speed. Figs. 4(a) to 
4(c) show an example of a conventional MOS type sem- 
iconductor device, in which Fig. 4(a) is a top plan view, 
Fig. 4(b) a sectional view along C-C of Fig. 4(a), and 
Fig. 4(c) a sectional view along D-D of Fig. 4(a). In Figs. 
4, a plurality of quadrangular p + well regions 2 are 
formed in a surface layer of an n" type semiconductor 
substrate 1. A plurality of quadrangular p channel 
regions 3 are formed around the p + well diffusion layers 
2. An n + source region 4 is formed in a surface layer of 
the p channel region 3. A gate electrode 5, made for 
example of polycrystalline silicon, is disposed through a 
gate oxide film 6 over the surface of the p channel 
region 3 between the source region 4 and the exposed 
surface of the n" type substrate. A source electrode 8 of 
Al-Si alloy, which contacts commonly with the p + well 
region 2 and the n + source region 4 and is insulated 
from the gate electrode 5 by an inter-layer insulation film 
7 of BPSG (boron phosphorus silicate glass), is 
extended over the gate electrode 5. Hereinafter, a unit 
structure comprised of the p channel region 3, the n + 
source region 4, and the source electrode 8 as shown in 
Figs. 4 is referred to as "quadrangular cell". Though the 
term "quadrangular cell" is used here, the corners of the 
cells rarely have an angle of 90° or less. In actual semi- 
conductor devices, the corners of the cells are more or 
less rounded, or the actual cell is formed in an octagon 
by cutting off the corners of a quadrangular cell. Herein- 
after, a polygonal cell, which is defined by two pairs of 
parallel major sides and extensions of the non-parallel 
major sides of which cross at around a right angle, will 
be referred to a "quadrangular cell". When the non-par- 
allel major sides do not cross, the corner of the quad- 
rangular cell is assumed to be located near the cross 
point of the extensions of the non-parallel major sides 
and a diagonal of the quadrangular cell is defined as a 
line segment connecting the assumed corners opposed 
facing. In the actual semiconductor device, e.g. MOS- 
FET, many quadrangular cells are arranged side by 
side. 

Since, recently, snubber circuits have been elimi- 
nated from switching circuits for circuit simplification and 
since the down-sizing of the switching circuits has pro- 
ceeded, MOSFETs used as a switching device in the 
switching circuits tend to be affected by surge voltage. 
Since the surge voltage causes breakdown of the MOS- 
FET, improvement of breakdown withstand capability 
(avalanche withstand capability) of the MOSFETs has 



been required. In the above described conventional 
MOSFET, the p + well region 2 is formed deeply to 
improve the avalanche withstand capability. However, 
the deep p + well region affects other properties such as 

5 the ON-resistance of the MOSFET. Fig. 5 shows the 
avalanche withstand capability and the ON-resistance 
versus p + well depth relations in a MOSFET element 
with ratings of 900 V and 5 A. In Fig. 5, the abscissa rep- 
resents the diffusion depth of the p + well region 2 and 

to the ordinate represents the avalanche withstand capa- 
bility and the ON-resistance, respectively. As shown in 
Fig. 5, the avalanche withstand capability is improved 
with increasing depth of the p + well region. However, the 
ON-resistance increases also with increasing depth of 

15 the p + well region. Therefore, it takes a considerable 
period of time to experimentally determine the manufac- 
turing process parameters for obtaining a depth of the 
p + well region at which the avalanche withstand capabil- 
ity is appropriately balanced with the ON-resistance. 

20 And, if the avalanche withstand capability is balanced 
with the ON-resistance, improvement of the avalanche 
withstand capability remains within a limited range. 

The documents JP-A-2381 73/1989 and JP-A- 
154468/1990 both disclose a MOS type semiconductor 

25 device comprising a plurality of substantially quadran- 
gular cells, each having four major sides. To avoid elec- 
tric field concentrations at the cell corners the cells are 
arranged in such a way that the distance between two 
facing corners of the channel regions (3) of two neigh- 

30 boring quadrangular cells is shorter than the distance 
between facing sides of the channel regions of the two 
neighboring quadrangular cells. 

US-A-5,21 6,275 discloses a MOS type semicon- 
ductor device comprising a plurality of substantially 

35 cells. The cells are formed on what is called a CB (com- 
posite buffer) layer. The CB layer has an interdigital, 
hexagonal or square mosaic structure of p and n 
regions. 

. EP-A-0 570 595 discloses a MOS type semicon- 

40 ductor device, comprising a semiconductor layer of a 
first conductivity type and a plurality cells, each includ- 
ing a channel region of a second conductivity type 
formed in a surface layer of the semiconductor layer, 
and a source region of the first conductivity type formed 

45 in the surface layer of the channel region. A shallow 
base contact region of a second conductivity type with 
an impurity concentration higher than that of the chan- 
nel region and a diffusion depth shallower than that of 
the channel region, is formed in a portion of the surface 

so layer of the channel region within the source region. A 
semiconductor region of the first conductivity type is dis- 
posed in the surface layer of said semiconductor layer 
between the channel regions of two adjacent cells, the 
resistivity of the semiconductor region being smaller 

55 than that of said semiconductor layer. 

In view of the foregoing, an object of the present 
invention is to provide a MOS type semiconductor 
device which improves avalanche withstand capability 
without sacrificing other properties. 
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This object is achieved with a MOS type semi con- ^ 
ductor device as claimed in claims 1. 

. . . Preferred- embodiments of .the inventions are : sub- 
ject matter of. the dependent,claims. v ~ v*"- '" v\ > w« .-'>■ 

: The avalanche withstand capability's improved by •:' 5 
minimizing the, curvature of. the pn; junctions. :in the ;■■ 
peripheral and corner v cells surrounding; the quadrangu- -y 
lar, cells, . and by. widening, the. areas. of . the. peripheral: : 
and corner cells. The avalanche withstand capability is ; y- :; ^. ' k^<- . " " *' ^ *.." 

further improved by lowering the channel resistance? by.. 10 Fig. 10(a)' ' is a sectional view taken along line E-E in 
means of the shallow base.region formed in the channel >'•■'".• ■'^■.'Fjg. 9r : w, -•■ • .. 

region. " .-' *, • r- *>• r 

The invention will be explained, in detail below with.. Fig. 10(b) 
reference to the % drawings which- illustrate specific:- l&r 
embodiments only and in which:. : i5r. \ -v^- r 

.. . " ri . ; ... Fig. 1 ir v- 

Fig. 1 is a top plan view showing. a first embod- • 

........ .imentof a MOSFET of ( the present. inven-.: , . i..Lw:-i^> 



Fig. - ^- is- a- top plan- view* showing a second 
• ^ embodiment- of. the MOSFET according 

-'X] to ; the present invention from- which an 
&-:^:i^f^-"ij^er;-structure-Qf-the MOSFET is omit- 



a sectional view taken along line F-F in 
Fig: 9; ..*> 

is a sectional view showing a fifth embod- 
iment of the MOSFET according to the 
,y present invention; 



, -.tion;,... ;.. ..... ..... ^y.s ,* ; : : '; 

Fig. 2(a) is a sectional view taken along line A-A in 
. . Fig. 1;. .... .. 

Fig. 2(b) a. sectional view taken along line B-B of 
• . . ,.- Fig. 1.; . ... . : mLi 

Fig. 3 is a sectional, view showing a portion 

around the periphery of the MOSFET. 
chip of Fig. 1 ; . 

Fig. 4(a) is a top plan view showing an example of 
. the MOSFET according to the prior art; . 



20:.. Fig. J 2; : 



.25 
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Fig. 13 



Fig. 14(a) 



Fig. 14(b) 



: is . a. sectional , view showing a sixth 
.. embodiment of the MOSFET according 
.:■ to the present invention; 

, is a top plan view- showing a . seventh 
-■ embodiment of a MOSFET of the present 
invention; \ 

is a sectional view taken along line A-A in 
•. Fig. 13, and 

a sectional .view taken along line B-B in 
• Fig. 13;. . 



Fig. 4(b) is a sectional view taken along line C-C in . 

Fig. 4(a); 35 

Fig. 4(c) . . is a sectional view taken along line D-D in 
Fig. 4(a); 

Fig. 5 is a graph showing the avalanche with- 40 

stand capability and ON-resistance, ; * 
respectively, versus the p + well depth of 
the MOSFET; 

Fig. 6(a) . is a top plan view for explaining the flow 45 
of avalanche currents in the conventional 
MOSFET; 

Fig. 6(b) is a top plan view for explaining the flow : 
of avalanche currents in the MOSFET so 
according to the present invention; 

Fig. 7 is a sectional view showing a parasitic . 

bipolar transistor which appears near the 
surface of the MOSFET; . 55 

Fig. 8 is a graph, comparing the temperature , 

variation of the avalanche withstand 
capabilities of the MOSFETs of the 



. Fig. 6(a) is a top plan view for explaining the flow of 
avalanche, currents in the conventional MOSFET, and 
Fig. 6(b) is a top plan view for explaining the flow of ava- 
lanche currents in ; the MOSFET according to the 
present invention, in Fig. 6(a), the distance between the 
channel regions 3 around the corners of the cells shown 
in Fig: 4(c) is longer, than* the distance between the 
sides of the channel regions 3. Since a withstand volt- 
age is low around the corner of the cells because of the 
large curvature of the p channel region 3, the avalanche 
currents 11 caused by avalanche breakdown concen- 
trate to the four corners of the p channel regions 3 from 
a region surrounded by the four corners of the channel 
regions. 3 as shown, in Fig. 6(a). Because of this, the 
avalanche withstand capability of the MOSFET lowers 
around the corner of the quadrangular cells. In contrast, 
if two quadrangular cells are aligned in close proximity 
with each one of their diagonals lying on a line as shown 
in Fig. 6(b), this configuration encourages pinch-off of a 
depletion layer around, the corner of the quadrangular 
cells and prevents the withstand voltage from lowering. 
Since avalanche currents 12 flow to two opposed facing 
corners of the channel regions 3, arranged in close 
proximity to each other, from a narrow region between 
the two opposed facing corners of the channel regions 
3 as shown in Fig. 6(b), the current 12 decreases to half 
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the current 11. As - a result, the avalanche current, which 
flows through the resistance Rb of the p channel region 
3 beneath the n + source region 4 shown in Fig. 7, 
decreases. The avalanche current decrease prevents a 
parasitic bipolar transistor, consisted of the semicon- 
ductor layer of the first conduction type, the channel 
region of the second conduction type and the source 
region of the first conduction type, from mal-firing, and 
therefore, prevents the MOSFET from being broken 
down. In this configuration, narrower distance between 
the channel regions of the two cells is preferable, and 
the distance of 4 jam or less effectively prevents the 
MOSFET from breakdown. And, a configuration, in 
which channel regions are so formed by horizontal diffu- 
sion that corners of the channel regions of the neighbor- 
ing cells are joined to each other on the cell diagonals,, 
most effectively prevents the MOSFET from breakdown. 

By aligning at least a portion of the outermost side 
of the channel region of the peripheral cells, formed on 
the outermost periphery, inside of which the quadrangu- 
lar cells are formed, in parallel to the side of the semi- 
conductor chip, the pn junction is formed in straight and 
localization of the electric field is suppressed. By form- 
ing the source region of the peripheral cell only on its 
central side of the semiconductor chip, the parasitic 
transistor is prevented from operating even when the 
avalanche current flows, because the source region of 
the first conductivity type is not formed on the peripheral 
side of the peripheral cell. And, by expanding the area 
of the peripheral cell more widely than the area of the 
quadrangular cell, the avalanche energy absorption 
capability, and therefore, the avalanche withstand capa- 
bility are improved. 

By forming the corner cells, the outermost side of a 
channel region of which is an arc convex toward the cor- 
ner of the semiconductor chip or a polygonal curve imi- 
tating the arc, in the corners of the semiconductor chip, 
the curvature of the pn junction is reduced and the local- 
ization of the electric field is suppressed. And, by 
expanding the area of the corner cell more widely than 
the area of the quadrangular cell, the avalanche energy 
absorption capability, and therefore, the avalanche with- 
stand capability are improved. 

The provision of a shallow base region of a second 
conductivity type, the impurity concentration of which is 
higher than the impurity concentration of the channel 
region and the diffusion depth of which is shallower than 
the diffusion depth the channel region, in a portion of 
the surface layer of the channel region, improves the 
avalanche withstand capability, because the conductiv- 
ity of the channel region increases, the base resistance 
of the parasitic transistor decreases, and therefore, the 
parasitic transistor hardly operates. Especially, by pro- 
viding the region of the second conductivity type under 
the shallow base region only with the channel region, 
the avalanche withstand capability is improved even 
when the well region of the second conductivity type 
does not exist. 



Preferred Embodiments 

Fig. 1, Fig. 2(a) and Fig. 2 (b) show a first embodi- 
ment of a MOSFET of the present invention. Fig. 1 is a 
5 top plan view, Fig. 2(a) a sectional view along A-A of 
Fig. 1 , and Fig. 2(b) a sectional view along B-B of Fig. 1 . 
In Figs. 1, 2(a) and 2(b), the same parts with those in 
Figs. 4 are designated by the same reference numerals. 
As shown in Fig. 1, quadrangular cells, each of 
w which has four major sides and is comprised of a quad- 
rangular p channel region 3, an n + source region 4 and 
a p + well region 2 formed in the p channel region 3, are 
arranged with their corners positioned in the closest 
proximity. Though the diagonals of two nearest or eaxh 
is pair of nearest neighboring quadrangular cells are 
aligned on a line, since the cells are arranged with equal 
pitch in this embodiment, the quadrangular cells may be 
rectangular. In practice, the corner of the quadrangular 
cell is not right angled, and curved with a radius of cur- 
20 vature of 1 .5 to 2 u.m. As explained with reference to Fig. 
6, the avalanche current around the corners of the 
neighboring quadrangular cells is small. Though the 
region surrounded by four quadrangular cells is wide 
and the avalanche current is large, the surrounding 
25 quadrangular cells withstand a large avalanche current, 
because the opposed facing pn junctions are straight. In 
Fig. 2(a), the p channel region 3 is formed in the surface 
layer of the n" type substrate 1 with a resistivity of 45 
Qcm and a thickness of 100 jam. The p + well region 2 
30 deeper than the p channel region 3 is formed from the 
surface of the p channel region 3, and the n + source 
region 4 is formed in the surface layer of the p + well 
region 2. A polycrystalline silicon gate electrode 5 is dis- 
posed through a gate oxide film 6 on the surface of the 
35 p channel region 3 between the n + source region 4 and 
the exposed portion of the substrate 1 . A source elec- 
trode 8 is disposed in contact commonly with the n + 
source region 4 and the p + well region 2 and extends 
over the gate electrode 5 through an inter-layer insula- 
te tion film 7. A drain electrode (not shown) is deposited on 
the back surface of the n' type substrate through an n + 
type substrate layer. The parameters of an experimental 
model of the MOSFET of Fig. 1 are as follows. The dose 
amount in the p channel region 3 by ion implantation is 
45 1x10 14 cm" 2 ; the diffusion depth of the p channel region 
3 is 3 jim; the dose amount in the p + well region 2 is 
1x10 15 cm* 2 ; the diffusion depth of the p + well region 2 
is 8 ^m; the dose amount in the n + source region 4 is 
5x10 15 cm* 2 ; and the diffusion depth of the n + source 
so region 4 is 0.3 urn. The size of the p channel region 3 is 
33 urn x 33 jim, and the pitch between the p channel 
regions 3, 3 is 50 jam. At this pitch, the distance 
between the corners of two the p channel regions 3, 3 is 
about 4 \im. 

55 Since two quadrangular cells are positioned most 
closely across the opposed facing corners of the p 
channel regions 3, 3, as illustrated in the A-A section 
shown in Fig. 2(a), a depletion layer which spreads from 
the p channel region 3 when an electric field is applied 
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easily joins a depletion layer spreading from the adja- 
cent p channel region 3. Since the curvature of. the 
depletion layer is usually small,, withstand voltage lower- 
ing at the corners of the quadrangular cell, at which ava- 
lanche breakdown occurs most easily, does not take . 5 
place and the avalanche withstand capability is 
improved. Since the portion of the n" type substrate 
under the gate electrode 5 is widely spaced, between 
two quadrangular cells in the cross section shown in Fig 
2(b), a wide current path is obtained when the MOSFET 
is ON, and the ON-resistance of the MOSFET is sup- 
pressed at low value. 

In Fig. 1, peripheral cells 19, the outermost side of 
which lies in parallel to the side otthe semiconductor 
chip, and corner cells 20, the outermost sideof which is 
arched toward the corner of the semiconductor chip, are 
arranged outside the portion of the semiconductor chip 
in which the quadrangular cells are arranged. Since the 
curvature of the outermost pn junctions becomes small 
by this arrangement, the electric field hardly localizes 
and the avalanche withstand capability is improved. An 
n + source region 4 is formed in a portion of the periph- 
eral cell 1 9 and the corner cell 20 located on the side of 
the central part of the chip. The avalanche withstand 
capability is improved by the following reason. Though 
the avalanche breakdown usually starts at first from the 
outermost pn junction, since the portion lacks n + source 
region, the parasitic transistor does not work even when 
a large avalanche current flows and the avalanche with- 
stand capability is improved. Since the peripheral cell 
19 and the corner cell 20 absorb more avalanche 
energy by virtue of their wider areas than that of the 
quadrangular cell, the avalanche withstand capability is 
further improved. The broken line near the peripheral 
cell 19 indicates a boundary of a polycrystalline silicon 
ring 18. The outermost side of the p channel region of 
the corner cell 20 is not necessarily an arc convex 
towards the corner of the semiconductor chip. Even an 
outermost polygonal side imitating an arc is effective for 
avoiding the electric field localization. 

Fig. 3 is a sectional view showing a portion around 
the periphery of the MOSFET chip. A polycrystalline sil- 
icon ring 1 8 for leading out gate leads is disposed on the 
outermost p + well region 2 through a thick field oxide 
film 14, and a p peripheral region 16 is disposed in the 
surface layer of the periphery of the chip. A peripheral 
electrode 17 is disposed on the p peripheral region 16. 

The parameters of each part are as follows. The 
impurity concentration of the n" type substrate is 1x1 0 1 3 
to 3x10 16 cm" 3 ; the thickness of the n* type substrate is 
5 to 150 jam; the boron ion dose amount in the p + well 
region 2 is 5x10 14 to 2x10 15 cm' 2 ; the diffusion depth of 
the p + well region 2 is 5 to 10 jim; the boron ion dose 
amount in the p channel region 3 is 3x10 13 to 5x10 14 
cm* 2 ; the diffusion depth of the p channel region 3 is 2 
to 4 jam; the arsenic ion dose amount in the n + source 
region 4 is 4x1 0 1 5 to 5x1 0 1 5 cm' 2 ; the diffusion depth of 
the n + source region 4 is 0.2 to 0.3 urn; the thickness of 
the gate electrode (polysilicon) 5 is 500 to 1000 nm; the 



thickness of the gate oxide film .6 is 25 to 120 nm; the 
thickness of the interlayer insulation film (BPSG) 7 is 0.6 
to 1.1 jim; the thickness of.the source electrode (Al-Si) 
8 is 3 to 5 p.m; the thickness of the field oxide film 14 is 
500 to 1100 nm; and the thickness of the passivation 
film (SiN) 15 is 800 nm. As for the p type base region, 
the following three combination can be adopted: (1) the 
p channel region 3 and the p+ well region 2; (2) the p 
channel region 3 and a shallow p+ type base region 1 1 ; 
(3). the p.channel region 3, the p+ well region 2, and the 
shallow. p+ type base region 11. 

The first MOSFET of Figs. 1 and 2 operates as fol- 
lows. When a. positive voltage of more than a predeter- 
mined value is applied to the gate electrode 5, an 
inversion layer is yielded near the surface of the p chan- 
nel region 3 . underneath the gate electrode 5 and the 
portion between the n + source region 4 and the n* type 
substrate becomes conductive. And a current flows if a 
voltage is applied at this instance between the drain 
electrode 13 disposed on the back surface of the n" type 
substrate and the source electrode 8. It is necessary for 
the exposed portion of the n* type substrate to have an 
area wide enough for the current to flow. Usually, there 
exists an optimum value for the ratio of the area of the 
cells to the exposed area of the n" type substrate. If the 
distance. between the corners of two p channel regions 
is set too long, the exposed area of the n" type substrate 
occupies too wide an area, which causes ON-resist- 
ance increase. If the distance between the corners of 
two p channel regions is set too short, the exposed area 
of the n" type substrate occupies too narrow an area, 
which also causes ON-resistance increase. The opti- 
mum ratio is 0.7 for the high withstand voltage MOSFET 
of the 900V class. When the distance between the cor- 
ners of two p channel regions is set at 4 jim, the ratio is 
0.7. The optimum ratio for a lower withstand voltage 
MOSFET is more than 0.7, corresponding to which the 
optimum distance between the corners of two p channel 
regions becomes shorter than 4 jam. 

Fig. 8 is a graph for comparing the temperature 
dependence of the avalanche withstand capability of 
the MOSFET of Figs. 1 and 2 of the present invention 
with that of the conventional MOSFET of Fig. 4. The 
withstand capability of the embodiment of the MOSFET 
of the.present invention shown by a line 21 is 1.6 times 
at 25°C and 4.7 times at 125°C as large as the with- 
stand capability of the conventional MOSFET, the cell 
dimensions of which are the same with those of the 
MOSFET of the present invention: the area of the p 
channel region is 33 jam x 33 jam, and the pitch between 
the quadrangular cells is 50 jim. 

In the first embodiment of Fig. 1 , the exposed area 
of the n" type substrate is almost entirely covered by the 
polycrystalline silicon gate electrode 5. Though the gate 
electrode is narrow between the corners of the quadran- 
gular cells, since the narrow portion is short, the overall 
gate resistance is lowered as compared with the gate 
resistance of the conventional MOSFET 

The first embodiment of the present MOSFET can 
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be manufactured only by changing the mask pattern 
without adding extra processing steps to the processing 
steps for the MOSFET of the prior art. 

Figs. 9, 10(a) and 10(b) show a second embodi- 
ment of the MOSFET according to the present inven- 5 
tion. Fig. 9 is a top plan view from which an upper 
structure of the MOSFET is omitted, Fig. 10(a) a sec- 
tional view along E-E of Fig. 9, and Fig. 10(b) a sec- 
tional view along F-F of Fig. 9(a). In Figs. 9, 10(a) and 
10(b), the same parts with those in the figures already 10 
explained are designated by the same reference numer- 
als. In Fig. 9, the space between the corners of the 
quadrangular cells is further narrowed from that of Fig. 
1 until the p channel regions 3 of two nearest neighbor- 
ing quadrangular cells join each other at their corners. 15 
In Fig. 9, the n + source region 4 is formed in the joined 
p channel regions 3, and the p + well region 2 is formed 
in the n + source region 4. The E-E section shown in Fig. 
10(a) clearly illustrates the junction of the p channel 
regions 3. The neighboring p channel regions 3 join 20 
each other underneath the gate electrode 5, by which 
the withstand voltage at the corner of the quadrangular 
cell and the avalanche withstand capability are pre- 
vented from lowering. The width L1 of the gate elec- 
trode 5 is 2 to 6 ixm at the corner. In the F-F section 25 
shown in Fig. 10(b), two quadrangular cells are spaced 
widely enough and the n* type substrate is exposed 
widely enough to suppress the ON-resistance of the 
MOSFET at a low value when the MOSFET is conduc- 
tive. The width L2 of the gate electrode 5 is 6 to 20 urn 30 
and the distance L3 between the gate electrodes 5, 5 is 
6 to 12 jim in this cross section. In the second embodi- 
ment too, the peripheral cells 19 are formed in the out- 
ermost periphery of the portion of the semiconductor 
chip inside which the quadrangular cells are formed. 35 
The outermost side of p channel region 3 of the periph- 
eral cell 19 lies in parallel to the side of the semiconduc- 
tor chip, and the n + source region 4 in the peripheral cell 
19 is located on the inner side of the semiconductor 
chip. The peripheral cell 19 occupies a wider area than 40 
the quadrangular cells. The outermost side of p channel 
region 3 of the corner cell 20 arches toward the corner 
of the semiconductor chip, and the corner cell 20 occu- 
pies a wider area than the peripheral cell 19. By this 
configuration, the second embodiment also contributes 45 
to the improvement of the avalanche withstand capabil- 
ity. 

The temperature dependence of the avalanche 
withstand capability of the second embodiment of the 
MOSFET is shown by the line 23 in Fig. 8. The ava- so 
lanche withstand capability of the second embodiment 
of the MOSFET is 1 .8 times at 25°C and 5.0 times at 
1 25°C as large as the withstand capability, shown by the 
line 22, of the MOSFET according to the prior art. 

In the second embodiment of Fig. 9, the ratio of the 55 
area of the quadrangular cell to the exposed area of the 
n* type substrate can be brought beyond 1 .0 by overlap- 
ping the quadrangular cells at their corners. Therefore, 
the second embodiment is preferable to the MOSFET 



with relatively low withstand voltage. 

The second embodiment of the present MOSFET 
can be also manufactured only by changing the mask 
pattern without adding extra processing steps to the 
processing steps for the MOSFET of the prior art. 
» 

Fig. 11 is a sectional view showing a third embodi- 
ment of the MOSFET according to the present inven- 
tion. In Fig. 1 1 , the same parts with those in the figures 
already explained are designated by the same refer- 
ence numerals. In the third embodiment, a shallow p + 
type base region 1 1 with shallow diffusion depth and 
with higher impurity concentration than that of the p 
channel region 3 is formed in a part of the surface layer 
of the p channel region 3 of Fig. 2. The shallow p + base 
region 1 1 is formed, for example, by implanting boron 
ions at the ion dose amount of 1x10 16 to 3x10 15 cm" 2 ; 
and by heat treatment to the diffusion depth of 0.5 to 1 
urn. Since the channel resistance is lowered by the 
shallow p + type base region 11 , the operation of the par- 
asitic transistor is suppressed and the avalanche with- 
stand capability is improved. 

Fig. 12 is a sectional view showing a fourth embod- 
iment of the MOSFET according to the present inven- 
tion. In Fig. 12, the same parts with those in the figures 
already explained are designated by the same refer- 
ence numerals. In the fourth embodiment, the shallow 
p + type base region 1 1 with higher impurity concentra- 
tion than that of the p channel region 3 is formed in a 
part of the surface layer of the p channel region 3 simi- 
larly as in the third embodiment of Fig. 1 1 . However, the 
p + well region 2 is not formed in the fourth embodiment. 
Since the channel resistance is lowered by the provision 
of the shallow p + type base region 1 1 as well as by the 
improvement of the cell arrangement, the operation of 
the parasitic transistor is suppressed and the avalanche 
withstand capability is improved. Therefore, a practically 
acceptable avalanche withstand capability is obtained 
and the problem of the ON-resistance decrease men- 
tioned earlier is solved without forming the p + well 
region 2. Since the p + well region 2 with deep diffusion 
depth can be omitted, time and cost for manufacturing 
the MOSFET is greatly saved. 

Though the present invention has been explained 
with reference to MOSFETs, the present invention is 
applicable to other MOS semiconductor devices such 
as bipolar transistors, MCTs (MOS controlled thyris- 
tors), etc. which have a MOS structure. 

A MOS type semiconductor device could be possi- 
ble which includes an n type region 101 , whose resistiv- 
ity is lower than that of the n" type substrate and which 
is disposed in the vicinity of the surface of the n" type 
substrate between the p channel regions 3. However, 
the avalanche withstand capability in this case would 
hardly be improved and ON-resistivity reduction by the 
effect of the low resistivity n type region 191 would be 
limited. On the other hand, in the semiconductor device 
of the present invention, lower resistivity in the n type 
region is possible because doping concentration in the 
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n type region 101 can be increased without deteriora- 
tion of the avalanche withstand capability or withstand 
voltage. An embodiment of this case is described below. 

In Figs. 13 and 14, ntype regions 101 are formed in 
the vicinity of the surface of the n" type substrate. Resis- 
tivity of the n type regions 101 is lower than that of the 
n" type substrate. The dose amount of the phosphor 
ions in then type regions 101 is from 5 x 10 11 to5x 10 12 
cm* 2 and the diffusion depth is from 2 to 4 ^m. The con- 
struction of the n type regions of this type can be 
applied to the embodiments in Figs. 9 through 12. 

In the embodiments described above, the doping 
concentration can be increased in comparison with the 
prior art devices, which results in lower resistivity of the 
n type regions 101 and thus decreases the ON-resist- 
ance. Or, alternatively, the surface area of the n type 
regions 101 can be reduced proportionally to its 
decrease in resistivity, which in turn reduces source-, 
drain capacitance ensuring fast switching speed. 

Claims 

1. A MOS type semiconductor device, comprising a 
semiconductor layer (1) of a first conductivity type 
(n) and a plurality of substantially quadrangular 
cells, each having four major sides and including a 
channel region (3) of a second conductivity type (p) 
formed in a surface layer of the semiconductor layer 
(1), and a source region (4) of the first conductivity 
type (n) formed in the surface layer of the channel 
region, the sides thereof lying in parallel to the sides 
of the source region, wherein the distance between 
corners of the channel regions (3) of two quadran- 
gular cells, the corners thereof are opposed facing 
to each other, is shorter than the distance between 
sides of the channel regions of two quadrangular 
cells, the sides thereof are opposed facing to each 
other 

characterized in that 

peripheral cells (19) which have at least a 
portion of the outermost side of their channel region 
in parallel to the side of a semiconductor chip, are 
formed on the outermost periphery, inside of which 
the quadrangular cells are formed, of the semicon- 
ductor chip, and 

the area of a peripheral cell (19) is wider 
than the area of a quadrangular cell. 

2. The MOS type semiconductor device as claimed in 
claim 1, wherein corner cells (20) which have the 
outermost side of their channel region as an arc 
convex toward the corner of the semiconductor 
chip, are formed in the corners of the semiconduc- 
tor chip, and wherein the area of a corner cells (20) 
is wider than the area of a peripheral cell (19). 

3. The MOS type semiconductor device as claimed in 
claim 1 , wherein corner cells (20) which have the 
outermost side of their channel region as a polygo- 



nal line imitating an arc convex toward the corner of 
the semiconductor chip, are formed in the corners 
of the semiconductor chip, and wherein the area of 
a. corner cells (20) is wider than the area of a 
5 peripheral cell (19). 

4. The MOS type semiconductor device of claim 1, 2 
or 3 further including a semiconductor region (101) 
of a first conductivity type (n) disposed in the. vicinity 

10 of a surface of said semiconductor layer (1), the 
resistivity of the semiconductor region (101) being 
smaller than that of said semiconductor layer (1). 

5. The MOS type semiconductor device as claimed in 
is either one of claims 1 to 3, wherein a shallow base 

region (1 1 ) of a second conductivity type (p) with an 
impurity concentration higher than that of the chan- 
, - nel region (3) and a. diffusion depth shallower than 
that of the channel region, is formed in a portion of 
20 the surface layer of. the channel region and the 
region of the second conductivity type (p) under the 
shallow base region (1 1) is consists of the channel 
region (3). 
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(54) MOS type semiconductor device 

■, 

(57) A MOS type semiconductor device, such as a 
MOSFET, has a plurality of inner quadrangular cells 
each comprised of a quadrangular channel region (3) of 
the second conductivity type (p) formed in: a surface 
layer of a semiconductor substrate (1) of the first con- 
ductivity type (n), an well region (2) of high impurity con- 
centration formed in the central portion of the channel 
region, a source region (4) of the first conductivity type 
(n) formed in a surface layer of the well region, and a 
MOS structure formed on the surface of the above 
described constituents. To improve the withstand volt- 
age and avalanche withstand capability of such MOS 
type semiconductor device peripheral cells (19) which 
have at least a portion of the outermost side of their 
channel region in parallel to the side of a semiconductor 
chip, are formed on the outermost periphery, inside of 
which the quadrangular cells are formed, of the semi- 
conductor chip, and the area of peripheral ;ceils (19) are 
wider than the area of the inner quadrangular cells; 
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